Results
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LI-rTMS induces olivo-cerebellar reinnervation in vivo
We previously demonstrated that after unilateral olivo-cerebellar lesion (pedunculotomy), 82 intra-cerebellar injection of neurotrophic factors induces remaining inferior olive neurons to 83 grow axon collaterals that partially reinnervate the denervated cerebellar Purkinje cells 14, 15 . 84 We have also shown that complex biomimetic high-frequency (BHFS) LI-rTMS prunes 85 abnormal connections in the mouse visual system 8,9 , increases intracellular calcium 86 concentration and modifies neuronal gene expression 10 . We used the same protocol, BHFS 10 87 min/day for 2 weeks, to stimulate the adult mouse cerebellum after pedunculotomy (Fig   88   1a&d ). Sham stimulation did not induce reinnervation (Fig 1b) . BHFS produced VGLUT2- 
LI-rMS induces Purkinje cell reinnervation ex vivo in a pattern-dependent manner
94
Climbing fibre reinnervation in vivo (Fig 1) indicates that BHFS LI-rTMS can promote 95 axonal outgrowth. Because reinnervation was incomplete, we tested other LI-rTMS patterns 96 for greater effect. To accelerate the screening of different low-intensity stimulation patterns 97 (LI-rMS, as it is not "transcranial"), we used our ex vivo model of olivocerebellar pathway 98 pedunculotomy, denervated-co-cultured hindbrain explants (Fig 2a, Fig S1) , in which VGLUT2-positive terminals localized around the Purkinje cell soma and primary dendrites 100 indicate reinnervation 17 Fig 2b, Fig S1) . 101 
102
As in vivo, BHFS induced reinnervation ex vivo (Fig 2c) . We then tested frequencies used in 103 human rTMS for facilitation (10Hz and intermittent theta-burst stimulation = iTBS) or 104 inhibition (1Hz and continuous theta-burst = cTBS) of cortical excitability 1 . In each group,
105
VGLUT2 labelling was greater near the host explant (proximal zone) and decreased with 106 distance from the host-graft interface (Fig 2c) ; inter-group differences persisted in both 107 proximal and distal zones. LI-rMS with iTBS significantly increased reinnervation (Fig 2c) , 108 similar to BHFS, but 10Hz was less effective, inducing reinnervation only to the proximal 109 zone (Fig 2c) . In contrast, 1Hz and cTBS did not induce reinnervation more than sham 110 controls (Fig 2c) . randomized iTBS (random-iTBS), which delivers the same number of high-frequency bursts 116 in the 2s stimulation, but repeats them randomly (2-60 Hz) rather than at the theta rhythm 117 (5Hz). Two weeks' random-iTBS failed to induce reinnervation (Fig 2c) .
119
We also examined the target of stimulation: did reinnervation require stimulation of both the 120 cerebellum and the inferior olive, or only one or the other? This question is clinically 121 important because stimulation of a whole system is not always feasible, for example the 122 motor cortex and the spinal cord. To address this issue, we shielded either the cerebellar or brainstem portion of the explant with mu-metal (see Methods) during daily BHFS LI-rMS. 124 Neither protocol induced significant reinnervation (Fig 3) . did not change or reduced expression of the examined genes (Fig 4e; Fig S2 ; Table S1 ). The 153 products of three genes, whose expression was increased by iTBS and/or BHFS (Fig 4e) 
In vivo olivocerebellar axonal transection (pedunculotomy)
Histological Analysis
In vivo experiments: Immuno-labelled sections were examined using epifluorescence 402 microscopy (E800; Nikon). To quantify the extent of reinnervation, the cerebellum of Explants were examined using epifluorescence microscopy and z-stack images were taken at 423 3 systematic randomly-selected sites of 0.073 mm2 for each co-cultured cerebellar plate. induced by BHFS (***p<0.001) to the whole explant (Fig 2) . Correspondence to: rachel.sherrard@sorbonne-universite.fr
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Figs. S1 to S4 Tables S1 and S2 b. Diagram of the pedunculotomy and co-culture procedure. Hemicerebellar plates are removed from an explant (black dotted line) at 21div (equivalent to P15) and placed next to the hemicerebellar plates of another intact explant (black dashed arrows). LI-rMS-induced collateral sprouting of climbing fibre axons (thin grey arrows) into the denervated hemicerebellar plate (red dotted arrows) can then be studied. LI-rMS = c. Schematic representation of the spatial relation between the LI-rMS stimulation coil and the olivocerebellar explant. The lesioned (denervated) hemicerebellar plates and the ION (both in purple) are stimulated by a homogeneous magnetic field (as previously described; 3 ).
d. Schematic diagram of climbing fibre reinnervation analysis. Hemicerebellar plates were divided into 5 rows (1-5) parallel from the host-graft junction. Within each row, PCs (CB staining in green) found within an ocular grid field are checked for CF reinnervation (small VGLUT2-positive puncta (red, indicated by the white arrows in lower image). VGLUT2-positive mossy fibres are larger red-labelled terminals not localised on the PC. Data from rows 1 and 2 are pooled and designated the proximal region, and data from rows 3, 4 and 5 were pooled and designated the distal region. The white scale bar is 20µm. e. Diagram of the different "complex" patterns of LI-rMS tested in this study. BHFS delivers trains of 20 pulses lasting 62.6ms (the first 9 pulses at 1.4kHz and the last 11 at 188Hz) repeated at a 9.75Hz 4, 5 . iTBS consist of bursts of three pulses at 50Hz repeated at 5Hz. Trains of bursts last 2s and are repeated every 10s. cTBS is similar to iTBS but the trains of burst are delivered continuously for the 10mn of stimulation. Random-iTBS (r-iTBS) is similar to iTBS but the bursts are repeated at random frequencies ranging from 2-60Hz. Predicted transcription factor (TF) binding sites for CLOCK and Arntl1, which are direct targets of Cry, were searched in the DNA sequences up to 2kbp upstream of the transcription starter site (TSS) for each gene regulated by LI-rMS. The position weight matrices for Arntl1 and CLOCK indicate the presence of specific binding sites for either of these two TFs in the upstream promoter region, and the probability of specific bases at each position within the TF response elements.
Table S1. Biological pathways of genes regulated by LI-rMS
Biological pathways in which LI-rMS regulated genes are implicated. The colour code is the same as in Figures 4d&e, S2 and S3. Gene ontology (GO) terms enrichment was assessed using an in silico approach against the Mus musculus reference list, using GO biological process, molecular function or cellular component. The Bonferroni correction for multiple testing was applied. 
